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Introduction
Stent implantation for vascular lesions, as with 
branch pulmonary artery stenosis in patients with 
congenital heart disease has become a standard 
procedure with proven long-term efficacy [1]. 
Compression of an airway by a stent placed in an 
adjacent branch pulmonary artery is a rare but 
recognized complication, especially in patients 
with a complex cardiac anatomy [2]. This potential 
complication highlights the importance of adequate 
visualization of the vessel-airway relationship, 
which may influence an intervention plan in the 
cardiac catheterization laboratory [3, 4].
Flexible bronchoscopy has been used to guide 
endovascular stenting decreasing the risk of cata-
strophic airway compression [5]. Other specialists 
prefer cross-section imaging such as magnetic 
resonance imaging or computed tomography (CT) 
of the chest to better assess the vessel/airway re-
lationship prior to a procedure and interventional 
planning [6].
Over the last decade three-dimensional rota-
tional angiography (3DRA) has become a useful tool 
to assess complex cardiac anatomy in the catheteri-
zation laboratory [7]. The incremental adoption of 
3DRA in clinical practice has demonstrated the 
advantages in identifying these anatomical spatial 
relationships in patients with congenital heart dis-
ease. The technique described herein, displays this 
relationship by simultaneous airway and vascular 
segmentation and reconstruction from 3DRA using 
commercially available tools.
The limitation
Although 3DRA has been gaining wider ac-
ceptance, there are few reports exploring the 
potential for integrating airway and vascular struc-
tures with this imaging modality. Truong et al. [8] 
showed the feasibility of creating multiplanar 
reformat images of the airways after 3DRA but 
were not able to segment them or produce a 3D 
reconstruction. A few reports describe the use of 
3DRA for 3D presentation of topological airway 
relationships using a vendor specific angiographic 
software package [4, 9].
The solution
Outside cardiology, tools have been developed 
to facilitate identification and segmentation of 
anatomic features using cone beam CT (XperCT, 
Philips Healthcare) in a multi-slice 3D view, to 
guide interventional procedures like biopsies and 
embolization [10]. The present study investigated 
the use of interventional radiology software tool 
utilizing 3DRA images to develop a protocol for 
airway segmentation and reconstruction during 
cardiac catheterization in patients with congenital 
heart defects. XperGuide (Philips Healthcare) is 
a segmentation tool which allows stepwise 3D 
segmentation of structures with a low contrast 
ratio and irregular boundaries [10]. We devel-
oped a method of using this software package to 
allow presentation of the airway and the airway- 
-vessel (pulmonary artery) relationship (Fig. 1). On 
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Figure 1. Step by step airway segmentation from three-dimensional rotational angiography (3DRA) in a patient after 
previous stent implantation to a major aorto-pulmonary collateral artery (MAPCA). A vascular reconstruction from 
3DRA shows the narrow segment (white arrowhead) of the MAPCA distal to the previously implanted stent (A). Air-
way segmentation (white arrow) with XperGuide (Philips Healthcare) was performed for better visualization of the 
mechanism of the narrowing. Segmentation of the airway was conducted on three perpendicular planes of multiplanar 
reformats (B). At the beginning of the segmentation smoothness of the 3D airway and slice thickness of multiplanar 
reformats was selected according to operator preference. Manual growing of the airway was commenced at the level 
of the distal trachea and the proximal left main bronchus (black empty arrow) (C). Distal left main bronchus was cor-
rected from outside (white empty arrow) (D). Finally, the vascular and airway 3D volumes were presented together 
clearly showing compression of the left main bronchus on distal segment of MAPCA (white dashed circle) (E).
a 3DRA data set the airway has a dark contrast (air) 
and can be manually segmented easily. Contrast 
filled pulmonary arteries can be automatically 
segmented and reconstructed with the potential for 
manual corrections where necessary. Both the vas-
cular and airway structures can then be presented 
in the same virtual space allowing 3D visualization 
of the vessel and airway relationship (Fig. 2A–C). 
This complex can then be projected onto live fluor-
oscopy to guide cardiac catheterization. 
The validation
Three-dimensional rotational angiography 
was performed in 23 patients for visualization of 
pulmonary arteries. Seventeen patients had biven-
tricular circulations, whist the remaining 6 had single 
ventricle cardiac physiology at various stages of pal-
liation. Figure 2D shows patient characteristics and 
procedural data. Airway segmentation was performed 
successfully in 21 patients (21/23, 91.3%). In 1 patient 
the isocenter of the imaging apparatus was set too 
anteriorly, resulting in only partial inclusion of the air-
way in the 3D volume. In the other patient, extensive 
artifacts from multiple, previously implanted vascular 
occlusion coils did not allow accurate visualization of 
the airways for segmentation.
The trachea was segmented in all patients 
(21), the left and right main bronchus in 21 (100%) 
and 20 (95%) patients, respectively (Fig. 2E). 
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Three patients were surreptitiously identi-
fied with airway anatomy variants or anoma-
lies including 1 tracheal right upper bronchus, 
1 patient diagnosed with right atrial isomerism 
based on the identification of bilateral morpho-
logical right bronchial anatomy, and 1 patient 
was noted to have major aortopulmonary collat-
eral compression caused by the adjacent airway 
(Fig. 1). The median time for segmentation and 
production of an airway and vascular reconstruc-
tion was 2.4 (range 0.81–3.81) min with no signifi-
cant time difference between the three operators 
(p = 0.9; Fig. 2F).
Conclusions
This study shows the feasibility of quick and 
accurate airway segmentation from 3DRA. Seg-
mentation of proximal airways was possible during 
a routine 3DRA acquisition of pulmonary arteries 
without any dedicated airway imaging protocol. As 
well as providing important incidental diagnoses 
in 3 patients, this rapid process provided valuable 
information for decision making and procedural 
guidance with overlay on live fluoroscopy. Further 
studies are warranted to explore clinical benefits 
of this technique of airway segmentation.
Figure 2. Example of airway segmentation (XperGuide, Philips Healthcare) from three-dimensional rotational angio-
graphy (3DRA) in patients after partial cavo-pulmonary connections (A–C). A raw reconstruction from 3DRA shows 
narrowing of the proximal left pulmonary artery (LPA, white arrow) (A). Already during airway segmentation on mul-
tiplanar reformats close relationship between the LPA (white empty arrow) and the left main bronchus (LMB) was 
noted (B). The vascular and airway 3D volumes, presented together, clearly reveal close relationships between the 
LPA and the LMB (white dashed circle) (C). Patient demographics and procedural data (D). Percentage of successful 
segmentation of particular airway segments (E). Comparison of the segmentation times of the three independent 
observers (observer 1–3) and the average segmentation time (average observer) (F). The error bars represent the 
standard deviation of the segmentation time between the three observers. It can be noted that there was a good 
agreement in the segmentation times between the observers indicating that segmentation complexity and difficulties 
were experienced similarly.
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